A LTHOUGH INCREASED WATER CONTENT of abnormal heart muscle specimens has been the object of much study (I-3), the effect of "myocardial edema" on cardiac function is still unknown. Coronary pressure, a factor which influenced contractile strength (4) , and distensibility (5) of heart muscle was shown to determine the rate of myocardial fluid accumulation periments (3 
METHODS
The isolated, metabolically supported heart preparation originally described in I g5o by Garcia Ramos, Alanis, and Rosenblueth (6) was used here. In 23 excised, weighed dog hearts the left coronary artery was cannulated and perfused from an adjustable reservoir with blood taken from a femoral artery of an anesthetized (sodium pentobarbital, 25 "g/kg), heparinized (2 mg/kg) donor dog. Coronary perfusion was interr rupted for only 40-80 sec. The heart was placed on a wire platform which permitted continuous registration of the heart weight (3, 7, 8) . The weight registration system detected changes of heart weight of less than I.G g and was calibrated repeatedly during the course of an experiment by placing known weights (5 and IO g) OF the wire platform.
The heart weights usually changed between z and I o g after variation of the coronary artery pressure, or up to 50 g after the onset of myocardial edema. Injection or withdrawal of blood from the left ventricular cavity resulted in corresponding variation of the recorded heart weight. The sum total of the electrically recorded weight changes usually coincided closely with the changes of heart weight measured on a balance, empty and without coronary perfusion, before and after the experiment.
The posterior wall of the right atrium and ventricle were widely opened, so that cor- Experimental maneuvers were performed only after the heart weight and the left ventricular pressure had remained steady for I 5-20 min. The heart was emptied and, fbr measurements during isovolumic contraction, it was then filled with known volumes of arterialized blood. In other series of observations the left ventricle was distended with a known volume of air (room temperature, atmospheric pressure); after each air injection the registration system was filled with arterialized blood or saline and checked for residual air bubbles. The coronary perfusion reservoir was then raised or lowered and the resulting changes of left ventricular pressure and of heart weight were observed. Coronary perfusion pressure was limited to a maximum of I 35 mm Hg in order to avoid interstitial hemorrhage. Myocardial edema was produced by interposing a disposable bag oxygenator between the donor dog and the coronary perfusion reservoir (3); the coronary venous blood was returned to the donor dog. Accumulation of edema fluid in the heart muscle was indicated by a slope of the weight registration, by the formation of transudate on the epicardium, and by the weight of the empty heaft at the end of the experiment.
Myocardial edema could be distinguished from changes in coronary blood volume, because during "edema" the "bleeding volume" (change of heart wt. during 60 set arrest of coronary inflow) did not vary (&I-3 g), but the '<base-line wt." (heart wt. after 60 set arrest of coronary inflow) increased in the same amounts and at the same rate as the heart weight during perfusion (3, 8 IOO ml air (atmospheric pressure) into the left ventricle generated a pressure of 100/o mm Hg, we knew that the air volume was 85 ml in systole and IOO ml in diastole. We also knew that a rise of diastolic pressure from o to 5 mm Hg after further injection of IO ml blood into this same ventricle decreased the air volume in the amount of 0.75 ml (5 mm Hg X 0. I 5 % X IOO of the heart in diastole. The heart rate was kept constant when pressure-volume diagrams were derived in the same hearts. In some experiments the isolated heart did not beat with a regular rhythm even when paced; frequent extrasystoles caused fluctuating systolic and diastolic pressures. Data from such unsteady states are not reported here.
Pressure-v&me diagram of isuvdumic contraction. The left ventricular cavity was emptied while the heart was beating. Known volumes of blood were then injected into the left ventricle, causing variation of the heart weight and the left ventricular pressures which reached steady states after 30-60 sec. After a steady state had been reached the pressure-volume relationship was modified in discrete steps either by injection of more blood into the left ventricle (usually in increments of 5 or 10 ml) or by variation of the coronary perfusion pressure (Fig. I) . The general shape of the pressure-volume diagrams constructed here (Fig. 2 Critioue of method. In the data reported here the volume of the lefi ventricular cavity, the blood content of the coronary vessels, and the magnitude of edema fluid accumulation in the myocardium were known. The volume of the cavity is a more significant measurement than the external volume, because the former is not vitiated by changes in myocardial blood content which can introduce errors ranging from 2 to I 5 ml/ I oo g heart wt. (8, 2 I) into "external" measurements of ventricular volume. The systolic peak pressures recorded here were probably less than maximal for each given presystolic volume because the chamber included not only the contractile left ventricle, but also noncontractile parts of the ascending aorta and the left atrium. The volume of the atria1 segment remained fairly constant throughout the cardiac cycle, but the aortic segment bulged with each systole. This indicated some transfer of fluid in and out of the ventricle.
We cannot claim that the volume of the left ventricle was constant during isovolumic contraction, but only that volume changes were minimal and that pressures were measured without significant error. The results reported here show that pressure-volume diagrams from auxotonic and isovolumic contractions were similar in shape and were influenced by the same factors. This similarity between the two modes of contraction adds significance to data from experiments which employed the auxotonic mode of contraction (air-filled balloons in various heart chambers). In our preparations edema of the heart muscle did not occur unless it was deliberately produced by inserting a muscle had accumulated fluid amounting to 4-5 % of disposable bag oxygenator in the blood circuit. Although its own weight.
After factors. When the ventricle was distended to diastolic volumes beyond 20-30 ml/100 g heart wt., coronary perfusion factors outweighed presystolic volume as determinants of systolic pressures and contractile tension (Fig. 2, 3) . The data therefore confirm earlier investigations which showed a relation between coronary artery pressure and the contractile strength of heart muscle during steady states (4) .
An influence of coronary flow on the work performance of the heart has been demonstrated by many investigators. However, measurements of work or stroke work do not identify the specific function of heart muscle which has been changed. Fig. 4 and 5 show that, in the experimental arrangement used here to produce myocardial edema, the systolic portion of the pressure-volume diagram did not change as long as other factors remained constant, regardless of the magnitude or rate of fluid accumulation.
It must be concluded that the contractile tension developed by the myocardium remained a function of coronary perfusion pressure and presystolic volume, and that it was not influenced by myoca.rdial edema. Thus, at any given coronary pressure and left ventricular volume, the contractile strength of the ventricle was the same, even when the diastolic pressure increased as a consequence of myocardial edema. From Table I and Fig. 4 and 5, it is evident that distensibility of the heart muscle was decreased in proportion with the accumulation of edema fluid; this change of myocardial CROSS, RIEBEN, AND SALISBURY distensibility became no.ticeable whenever fluid accumulation amounted to 4-5 % of the original heart weight.
Degree of myocardial fiber shorteniq and ventricular contraction. Although the experiments described here measured changes in distensibility and contractile strength, they did n&t permit us to evaluate variations in the degree of shortening.
It must be clearly understood that the "ability of heart muscle to generate contractile tension" is not identical with its "ability to shorten." In the present preparation it may have been possible that, even though the ability of the heart muscle to develop tension was not impaired, increased rigidity of the coronary vessels, accumulation of myocardial edema, or some other factor might have increased the internal viscoelastic resistance overcome of heart muscle which the myofibrils must before they can show any degree of shortening. Myocardial edema. a potential cause of hemodynamic abnormalities in congestive failure. Abnormally high myocardial water content has been found not only as an acute laboratory phenomenon, but also in autopsy specimens from patients with various types of heart disease and in hearts of dogs with chronic experimental valvular lesions (I). It is well known that myocardial edema occurs, not only as a result of injury to the heart itself, but also in systemic conditions such as hypoproteinemia (e.g., liver disease), beri beri, anemia, hyperthyroidism,
